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Abstract 
The objective of this study was to identify the most utilized rotation and traction related movements among international futsal players when they 
are in a ball possession situation. A total of 4 matches from The AFF Futsal Championship 2014 were analyzed. The analyzed matches consist 
of two semifinal matches, 3rd-4th placing match and the final match. There are four indicators for rotation movement (half-trunk rotation, half-
body rotation, quick-half trunk rotation, and quick-body rotation) and four indicators for traction movement (front traction, back traction, side 
traction, and sudden stop) that are selected to be observed in this study. Each indicator was divided into two categories, which are attacking and 
defensive mode. All matches were recorded using a full high definition video camera and analyzed using SportCode Elite (v. 10) and Dartfish 
EasyTag (v. 1.0.8) software. Two trained and experienced analysts were assigned to analyze all 4 matches. Inter- and Intra- analyst reliability 
studies were also performed in order to examine the content validity of the data obtained. Overall results indicated that the front traction during 
the defensive mode is the most utilized movement, among others, while back traction during the attacking mode is the least ut ilized movement. 
Front traction during attacking mode was found to be the highest number of usage during attacking mode while sudden stop traction during 
defensive mode is the least utilized movement among other defensive movements. Regardless of attacking or defensive mode, results show that 
front traction is the most utilized movement, followed by half-trunk rotation and side traction. This study also show that the rotation (47%) and 
traction movements (53%) utilized during competitive games are quite balanced. A similar result was also obtained when comparing between 
attacking (46%) and defensive mode distribution (54%) from overall data. Further study on futsal games should focus on the most utilized 
movement during competitive matches to understand more about the nature of the games. 
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1. Introduction 
In 1989, FIFA staged the first ever FIFA Futsal World Cup which was held in Netherlands. Since then, 6 other nations from 4 
different continents have already hosted this event [1]. Futsal is a 5-a side sports that is very similar with soccer. It should be played 
on flat, smooth and non-abrasive surface which can be either an artificial material-based or wooden pitch [2]. Despite the popularity 
of futsal, its first systematic review in English language was only published in 2014 [3]. 
In a futsal game, technique, the passing accuracy and speed are very crucial [1]. Therefore, it is not a coincidence that futsal is 
included in the list of one of the most injury-prone sports where one injury incident occurs in every 181 hours of futsal play [4]. 
Past study also shows that almost 33% of injury cases in futsal is a non-contact injuries where lower extremity and trunk injuries 
are among the injury cases recorded [4]. 
Past studies focuses more on the physiological demands [5-8], psychological demands [9-10] and tactical aspect [11-15] of the 
game. There is a need to understand more on how the movement performed by futsal players relate to all of these demands. The 
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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establishment of  movement classification related to futsal is important in order to create the movement operational definitions for 
coding purpose in match analysis [16]. This will also provides specificity on futsal movement that can be utilized in other areas of 
study such as in physical conditioning and coaching [17]. Currently, study on the player movement during a competitive futsal 
match is lacking. In order to precisely predict and simulate the real demand of a futsal match, a competitive game with good 
standard of play should be the basis of any study. Among other factors, traction is considerd as an important aspect that relates 
with the futsal players performance and safety [18]. This study focuses on the movement analysis of international futsal players 
during an international competition. The purpose of this study is to reveal the most utilized rotation and traction movement 
performed by international futsal players when they are in-possesion of the ball. 
2. Method 
2.1 Selected futsal matches for analysis 
A total of 4 futsal matches from the 2014 ASEAN Futsal Championship (AFF Futsal Championship) were recorded and 
analyzed. The matches consists of two semi-final games between Thailan and Indonesia (Semi-Final 1), and Australi and Vietnam 
(Semi-Final 2), a third place play-off between Indonesi and Vietnam and the final between Thailand and Australia. The purpose of 
focusing on the games starting only from the semi-final onwards is to obtain data from the best performing team in the competition. 
The final also represent two of the best futsal team in Asia based on Futsal World Ranking competing against each other [19]. 
(Thailand: world rank no.17 and Australia: world rank no.21) 
2.2 Movement analysis indicator 
In this study,  players movement that relate to body rotation (rotation) and  body translation based on traction (traction) are 
being analyzed. The inclusion criteria of the type of movement to be analyzed are based on the following: 
i. Only selected from movement made by players who are in ball-possession during matches, excluding the goalkeeper. 
ii. Any movement that generates body rotation by utilizing the support leg to rotate, while another leg is controlling the ball.. 
iii. Any movement that generates body translation by utilizing the support leg to translate, while another leg is controlling the 
ball. 
Initially, movement of futsal players were  observed by a researcher that is specialized in sports biomechanics. This is performed 
in the earlier stage(group stage matches) of the competition. Based from this observation, 8 movement indicators were established. 
There are 4 indicators for rotation movement and 4 indicators for traction movement. The movement indicators for rotation 
movement are half-trunk rotation, half-body rotation, quick-half trunk rotation, and quick-body rotation.  Front traction, back 
traction, side traction, and sudden stop represent movement indicators for traction movement. Each indicator are then separated to 
differentiate between movement that are performed during attacking and defensive mode. 
2.3 Instrumentation 
One Full HD video camera (setted at 1920x1080 pixels on 50 frame per second) were utilized to record all futsal matches in the 
competition. Video camera are positioned at the side view of the futsal pitch, as shown in Fig.1. All recorded matches were then 
analyzed with SportsCode Elite (v.10) and Dartfish EasyTag (v. 1.0.8) software (Fig.2 and Fig. 3) .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             Fig. 1. Video camera position                        
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         Fig. 2. SportsCode code window                            Fig. 3. DartFish EasyTag window                                                 
2.4 Analysis method 
A SportsCode code window for this study were created to performe the notational analysis for each movement indicators, as 
shown in Fig.2. Darfish Easy Tag (Fig.3) was utilized to differentiate the attacking  and defensive mode within all movements that 
were previously coded by SportsCode. All analysis were performed after the matches completed (post-game analysis). Two 
performance analysts that have experience recording and analyzing competitive futsal matches were recruited to performed the 
notational analysis of the 4 matches. Before the notational analysis began, the sports biomechanist that earlier identified all eight 
of the movement indicators explained to the two analysts in terms of the method of identification of the movement indicators. 
2.5 Measurement reliability 
The two analysts performed all the matches analysis separately. Each analyst conducted the notational analysis twice for each 
matches with 48 hours separating the first and the second analysis [20, 21]. Intra and Inter-analyst reliability studies were performed 
in order to examine the content validity of the data obtained. The reliability was calculated based on the percentage error occurred. 
The calculation of the percentage error for the Intra and Inter-analyst reliability are shown in equation (1) and (2) respectively; 
 
                                                                                       (1) ,                                                 
                                                                                                                                          
         (2) 
     
where V1 and V2 are the individual data for each analyst for the 1st and the 2nd analysis, Vm is the mean of data for each analyst 
and VM is the common mean of both analysts.  
3. Results 
The results obtained from this study are presented in Tables 1,2 and 3.  
 
Table 1. Intra-Analyst Reliability Analysis (Mean Percentage Error Overall) For Each Movement Indicators For Each Matches 
 Mean percentage error when compared between 1st and 2nd analysis  
 Match 1 Match 2 Match 3 Match 4 Average    
         
Analyst 1 5.1 6.1 5.9 5.6 5.7    
         
Analyst 2     6.3 7.3 6.8 8.0 7.1    
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Table 2. Results of notational analysis of the movement indicators (rotation movement). 
 Frequency of the movement indicators  performed in each matches 
(average values from analyst 1 and analyst 2) 
 
 
 
 
Movement Indicators   
(A=Attacking, D=Defending)   
 
 
Match 1  
(Inter-Analyst 
percentage 
error) 
 
 
Match 2 
(Inter-
Analyst 
percentage 
error) 
 
 
Match 3 
(Inter-
Analyst 
percentage 
error) 
 
 
Match 4 
(Inter-
Analyst 
percentage 
error) 
 
 
 
Total 
 
 
 
Average per 
match 
 
 
 
 
 
 
      
1. Half-trunk rotation (A) 
 
 
48.25 
(3.6) 
70.75 
(2.5) 
45.00 
(1.1) 
92.25 
(1.4) 
256.25 64.06  
2. Half-body rotation (A) 
 
 
23.75 
(5.3) 
23.75 
(3.2) 
21.75 
(1.1) 
66.25 
(0.4) 
135.50 33.88  
3. Quick-trunk rotation (A) 
 
 
77.00 
(11.7) 
57.00 
(0.9) 
53.75 
(0.5) 
63.00 
(1.6) 
250.75 62.69  
4. Quick-body rotation (A) 
 
 
26.50 
(5.7) 
39.50 
(2.5) 
25.25 
(1.0) 
22.00 
(0.0) 
113.25 28.31  
5. Half-trunk rotation (D) 
 
 
6. Half-body rotation (D) 
 
 
7. Quick-trunk rotation (D) 
 
 
8. Quick-body rotation (D) 
 
33.00 
(0.0) 
 
23.25 
(1.1) 
 
41.75 
(3.0) 
 
54.75 
(2.3) 
25.25 
(5.0) 
 
23.00 
(0.0) 
 
55.25 
(1.4) 
 
46.75 
(2.7) 
91.50 
(0.5) 
 
20.75 
(3.6) 
 
22.00 
(6.8) 
 
46.50 
(4.3) 
55.00 
(1.8) 
 
32.00 
(7.8) 
 
34.75 
(3.6) 
 
43.75 
(0.6) 
204.75 
 
 
99.00 
 
 
153.75 
 
 
191.75 
 
 
51.19 
 
 
24.75 
 
 
38.44 
 
 
47.94 
 
 
Table 3. Results of notational analysis of the movement indicators (traction movement). 
 Mean Frequency of the movement indicators  performed in each matches 
(Mean values from analyst 1 and analyst 2) 
 
 
 
 
Movement Indicators   
(A=Attacking, D=Defending)   
 
 
Match 1  
(Inter-Analyst 
percentage 
error) 
 
 
Match 2 
(Inter-
Analyst 
percentage 
error) 
 
 
Match 3 
(Inter-
Analyst 
percentage 
error) 
 
 
Match 4 
(Inter-
Analyst 
percentage 
error) 
 
 
 
Total 
 
 
 
Average per 
match 
 
 
 
 
 
 
      
1. Front traction  (A) 
 
 
91.00 
(0) 
96.50 
(2.1) 
95.75 
(1.3) 
86.75 
(0.9) 
370.00 92.50  
2. Back traction (A) 
 
 
14.25 
(1.8) 
9.00 
(0) 
14.50 
(3.4) 
6.75 
(11.1) 
44.50 11.13  
3. Side traction (A) 
 
 
47.00 
(4.3) 
36.50 
(1.4) 
20.50 
(4.9) 
50.50 
(3.0) 
154.50 38.63  
4. Sudden stop  (A) 
 
 
11.75 
(2.1) 
13.75 
(5.5) 
13.75 
(15.5) 
16.25 
(1.5) 
55.50 13.88  
5. Front traction (D) 
 
 
6. Back traction (D) 
 
 
7. Side traction (D) 
 
 
8. Sudden stop (D) 
 
85.50 
(1.8) 
 
53.25 
(1.4) 
 
80.75 
(0.3) 
 
24.75 
(3.0) 
122.50 
(0.0) 
 
55.50 
(0.0) 
 
83.25 
(0.9) 
 
36.00 
(1.4) 
95.75 
(1.3) 
 
46.50 
(3.2) 
 
46.75 
(3.7) 
 
20.25 
(3.7) 
100.50 
(0.0) 
 
54.25 
(3.2) 
 
66.00 
(0.0) 
 
16.50 
(3.0) 
404.25 
 
 
209.50 
 
 
276.75 
 
 
97.50 
 
 
101.06 
 
 
52.38 
 
 
69.19 
 
 
24.38 
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Half-trunk 
rotation, 
15.28%
Half-body 
rotation, 
7.77%
Quick-
trunk 
rotation, 
13.41%
Quick body 
rotation, 
10.11%
Front traction, 
25.66%
Back 
traction, 
8.42%
Side traction, 
14.29%
Sudden stop, 
5.07%
4. Discussion 
Intra-Analyst reliability indicates that coding a biomechanical-based indicators are difficult. The average  percentage errors of 
Analyst 1 and Analyst 2 are 5.7 and 7.1 respectively. In a common notational analysis that traditionally focusing on general match 
or  tactical  indicators, the usual acceptance rate of error is 5%. However, there are no clear guideline of what is the typical 
acceptance rate of error for a biomechanical –based notational data analysis for reliability. 
Results show that the front traction during the defensive mode is the most utilized movement, among others, while back traction 
during the attacking mode is the least utilized movement. Front traction during attacking mode was found to be the highest number 
of usage during attacking mode while sudden stop traction during defensive mode is the least utilized movement among other 
defensive movements. Overall results shows that front traction (defensive and attacking  mode,both) is the most utilized movement, 
representing a combination of 25.7% from overall movement analyzed, as shown in Fig.4 
Half-trunk rotation (defensive and attacking mode, both) represent the second most utilized movement, with 15.3% from overall 
movement analyzed. Side traction is the third most utilized movement, with 14.3%.  This study also show that the rotation (47%) 
and traction movements (53%) utilized during competitive games are quite balanced. A similar result was also obtained when 
comparing between attacking (46%) and defensive mode distribution (54%) from overall data..  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Overall results of the most utilized rotation and traction movement while in ball-possession 
  
 
One observation that can be made is almost all of these movements were performed with one leg of the player is consistently 
in-contact with the ball while another leg of the player is interacting with the futsal court surface. The good body movement 
performed by the players in all of the movement observed seems to suggests that a good combination of  rotational and translational 
traction between the players shoes and the futsal court surface are required. It is also noticed that other than sudden stop, most of 
the movement observed might not required a large values of coefficient of friction between shoes-court surface. However, this is 
just an observation without any measurement being made. It is very important to understand the ground reaction force and  
coefficient of friction under all of these movement. The future design of futsal shoes outsole must not over-estimate the traction 
demand in futsal movement, to prevent potential injury to players. 
 
5. Conclusion 
 This study focuses on the movement of futsal players when they are possessing the ball. This  is considered as the initial effort 
to understand the types of movement performed by futsal players  that relates to traction between shoes outsoles and the futsal 
court surface. Front traction, half-trunk rotation and side traction are the most utilized movement respectively. Results from this 
study will be use as a reference for the next part of the study that will be carried out in motion analysis laboratory. The ground 
reaction force and the coefficient of friction need to be measured to understand more about the rotational and tractional movement 
demand in futsal. It is also suggested that there is a need for study that focuses on the rotational and tractional movement by players 
when they are not in ball possession. Future study on futsal games should focus on high level competitive matches to understand 
more about the nature of the games. 
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